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METHOD OF DIAGNOSING FATIGUE LIFE 
OF STRUCTURAL STEELWORK AND A 
MEMBER OF STEELWORK HAVING LIFE 

DIAGNOSTIC FUNCTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of diagnosing 

the fatigue life of structural framework such as buildings, 
bridges, and other constructions Whose main structures are 
made of steel, and a member of steelWork having a life 
diagnostic function. 

2. Description of the Related Art 
A member of steelWork constituting a building is suscep 

tible to fatigue damage more or less by vibrations caused by 
the Wind or earthquake after it has been built up. The fatigue 
and damage progress in bridges due to repeated vibrations 
caused by vehicles passing on them. To prevent destruction 
resulted from the fatigue damage, the folloWing conven 
tional methods have been practiced: a method of calculating 
a degree of strain in a structure in advance and estimating the 
life of the structure; and a method mainly using visual 
inspection such as a color check if it is assumed that 
cracking has occurred due to the fatigue and damage. These 
conventional methods cannot accurately diagnose an actual 
degree of fatigue damage to determine Whether to repair. 
There has recently been proposed a vibration-damping 
device having a vibration-damping function, in Which loW 
yield steel is incorporated in structual component With a 
form of a Wall or brace. No technique for accurately diag 
nosing the degree of fatigue damage and determining 
Whether to repair is developed for the above device. 
An attempt has been made to nondestructively inspect the 

material and stress of a target measurement object by using 
the fact that the magnetic properties of the material depend 
on the microstructures, such as the crystal grain siZe and a 
precipitate or the like, and strain. 

The folloWing examples are disclosed as a method and/or 
apparatus for nondestructively inspecting the degree of 
degradation of a material: a method of inspecting the degree 
of degradation by calculating the ferrite generation amount 
of a high-temperature gas furnace member from its magnetic 
susceptibility (Japanese Patent Laid-Open No. 59-135362); 
an apparatus for diagnosing the degree of material degra 
dation of a steel pipe by eddy current (Japanese Patent 
Laid-Open No. 60-257354); a method of diagnosing the 
degree of material degradation of a turbine rotor from its 
ECT value and hardness to predict the destruction lifetime 
(Japanese Patent Laid-Open No. 61-172059); an apparatus 
for detecting the degree of degradation of loW-alloy steel 
from its magnetic permeability (Japanese Utility Model 
Laid-Open No. 61-161659); a method of measuring changes 
in magnetic domain Wall movement characteristics of a 
ferromagnetic body over time to inspect the degree of 
brittlement of the material by comparing the measured 
changes With a master-curve obtained in advance (Japanese 
Patent Laid-Open No. 1-269049); and a method of quickly 
measuring the degree of degradation of a metal material in 
a radiation environment by using a plurality of magnetic 
sensors (Japanese Patent Laid-Open No. 4-125463). 

The above conventional techniques, hoWever, detect 
material degradation caused by changes in microstructures 
such as phase transformation When a target measurement 
object is set in a high-temperature state or exposed to 
radiation. These conventional techniques are not directed to 
detection of fatigue degradation caused by the stress or 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

2 
strain, Which is the object of the present invention. In 
addition, the detection means used in the conventional 
techniques are the eddy current and magnetic permeability 
and do not use Barkhausen noise. 

The folloWing methods are proposed as a method using 
Barkhausen noise: a method of estimating the degree of 
fatigue degradation of mild steel (L. P. Karjalainen et al., 
IEEE Trans. Mag. MAG-16, 514 (1980)); and a method of 
estimating the toughness of tool steel (Nakai et al., Iron and 
Steel, 75,833 (1989)). The result by L. P. Karjalainen in 
IEEE Trans. Mag. MAG-16, 514 (1980) exhibits a change in 
Barkhausen noise in a fatigue test in Which a magnetic head 
is brought into tight contact With a thin mild steel piece. 
More speci?cally, this reference exhibits an abrupt change in 
Barkhausen noise prior to the fracture of the test piece. No 
description, hoWever, is made for Barkhausen noise mea 
surement conditions under Which the degree of fatigue can 
be accurately detected in an actual structure and the life of 
the actual structure can be diagnosed, provided that the 
magnetic head cannot be brought into direct contact With a 
measurement location due to, e.g., an uneven surface or the 
presence of a covering material. 

As described above, the fatigue damage by stress and 
strain in structural steelWork are conventionally diagnosed 
by mainly visual inspection. Such a diagnosis is performed 
upon removing a Wall or covering material in a building or 
the like, resulting in high cost. Visual inspection is also 
mainly performed for bridges. The visual inspection never 
detects cracking until it has developed and groWn up to some 
extent. Alocation Where an operator cannot access due to the 
structural limitation cannot be subjected to the fatigue 
diagnosis. Neither a method of diagnosing the fatigue life of 
an actual structure nor a member of steelWork capable of 
practicing the method is available. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
of easily and accurately diagnosing the degree of fatigue 
degradation by stress and strain in structural steelWork prior 
to occurrence of cracking Without any limitation on diag 
nostic locations, and a member of steelWork capable of 
practicing this method. 
A method of diagnosing the fatigue life of structural 

steelWork according to the present invention comprises 
disposing a magnetic head constituted by a magnetic exci 
tation head and a magnetic detection head so as to be spaced 
apart above from a target measurement member requiring a 
fatigue damage diagnosis by a liftoff distance of 5 pm or 
more to 4 mm or less, detecting Barkhausen noise With the 
magnetic detection head under a condition of 5 pmédél 
mm Where d is a detection depth of the Barkhausen noise 
after a target measurement portion is AC-magnetiZed With 
the magnetic excitation head, and diagnosing a degree of 
fatigue damage of the target measurement portion in accor 
dance With one of a root-mean-square voltage and voltage 
amplitude value of the Barkhausen noise. 

Preferably, letting SO, t, and W be the area of the target 
measurement member requiring the fatigue damage 
diagnosis, the thickness of the target measurement member, 
and the Width of the magnetic excitation head, respectively, 
the Barkhausen noise is measured in the region of the area 
S satisfying 0<S/SO§ 10-2 and located Within the range of W 
or more to 200t or less from a reference position of the target 
measurement member, provided that the reference position 
is one of the Welding and edge portion of the target mea 
surement member. 
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A member of steelWork having a life diagnostic function 
comprises a system Wherein a magnetic head constituted by 
a magnetic excitation head and a magnetic detection head is 
spaced apart above from a target measurement member 
requiring a fatigue damage diagnosis by a predetermined 
liftoff distance, the magnetic head has a function of 
AC-magnetiZing a target measurement portion of the target 
measurement member With the magnetic excitation head and 
measuring Barkhausen noise With the magnetic detection 
head, and a degree of fatigue damage is diagnosed in 
accordance With one of a root-mean-square voltage and 
voltage amplitude value of the Barkhausen noise. 

Preferably, the predetermined liftoff distance falls Within 
the range of 5 pm or more to 4 mm or less. In addition, the 
Barkhausen noise is measured under the condition of 5 
pm<d§1 Where d is the detection depth of the Barkhausen 
noise in AC-magnetiZing the target measurement portion 
With the magnetic head. 

Preferably, letting SO, t, and W be the area of the target 
measurement member requiring the fatigue damage 
diagnosis, the thickness of the target measurement member, 
and the Width of the magnetic excitation head, respectively, 
the member of steelWork has a function of measuring the 
Barkhausen noise in the region of the area S satisfying 
0<S/SO§10_2 and located Within the range of W or more to 
200t or less from a reference position of the target measure 
ment member, provided that the reference position is one of 
the Welding and edge portion of the target measurement 
member. 

Preferably, the target measurement member is a vibration 
damping member having an external energy absorbing func 
tion by plastic deformation. 

Preferably, the vibration-damping member is in the form 
of a Wall. 

Preferably, the vibration-damping member is in the form 
of a brace. 

Preferably, the member of steelWork has a mechanism 
capable of measuring, during a use period, at least 70% of 
the region of the target measurement portion Which is 
measured ?rst With the magnetic head. 

The present invention is a technique achieved by making 
extensive studies to seek for accurate diagnosis in vieW What 
means is available for diagnosing the degree of fatigue 
degradation by stress and strain in actual structural 
steelWork, and hoW to use the means. SteelWork is normally 
coated With a paint to prevent rust and improve the outer 
appearance. It is, therefore, impossible to bring a sensor or 
the like into direct contact With the surface of the target 
measurement object. 

The present inventors has already invented a magnetic 
head capable of detecting Barkhausen noise in a noncontact 
manner (Japanese Patent Laid-Open No. 7-174730). The 
present inventors examined a method of easily and accu 
rately diagnosing a target measurement object by using this 
magnetic head. The most important problem is a region of 
the member of steelWork to be measured. It is possible to 
predict stress acting on each member in the design stage and 
narroW a speci?c member to be measured doWn to some 
extent. References specifying a location to measure in the 
member are rarely available. The “member” is generally 
de?ned a steelWork unit Whose tWo ends are fastened With 
Welding or bolts in a construction site or the like. Cracking 
by fatigue is said to tend to generally occur from the 
uppermost surface of the steel material. It is very dif?cult to 
measure the Barkhausen noise on the uppermost surface 
because an oxide ?lm or corrugations are present on the 
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4 
uppermost surface of an actual member of structural steel 
Work. According to studies of the present inventors, this 
surface state makes it dif?cult to bring the magnetic head 
into tight contact With the member of steelWork. 

To stably apply the magnetic head to the target measure 
ment surface With corrugations, the liftoff distance must be 
5 pm or more. An increase in liftoff distance decreases the 
S/N ratio of the Barkhausen noise. The present inventors 
have found that a suf?cient S/N ratio can be obtained Within 
the liftoff distance range of 4 mm or less in tests of actual 
members of structural steelWork. Therefore, the liftoff dis 
tance of the magnetic head is de?ned to fall Within the range 
of 5 pm or more to 4 mm or less. 

The present inventors have examined the range of detec 
tion depth of the Barkhausen noise, by Which the target 
fatigue degradation diagnosis can be performed With a 
suf?ciently high accuracy. For this purpose, an AC current 
?oWs through the magnetic excitation head of the magnetic 
head having the above liftoff distance range to generate an 
AC magnetic ?eld, for exciting the target measurement 
portion in this magnetic ?eld. An AC voltage signal induced 
in the magnetic detection head in accordance With a change 
in magnetiZation of the target measurement portion is 
frequency-?ltered to extract Barkhausen noise. Barkhausen 
noise is normally generated from the entire excited region of 
a ferromagnetic body such as steel upon excitation. Accord 
ing to the ?nding of the present inventors, When Barkhausen 
noise is measured under the condition of 5 pmédél mm 
Where d is the detection depth of the Barkhausen noise, the 
diagnostic accuracy is improved. 
When the detection depth is smaller than 5 pm, dispersion 

of the Barkhausen noise due to the surface oxide layer or 
corrugations increases to degrade the diagnostic accuracy. 
When the detection depth is larger than 1 mm, the compo 
nent of the Barkhausen noise Which does not re?ect fatigue 
degradation increases to degrade the diagnostic accuracy. 
Within the range of 40 pmédél mm, the above in?uence 
of the surface layer portion can be further reduced to 
improve the diagnostic accuracy. By the above de?nitions, 
excitation need not be performed at a depth of 1 mm or 
more. This reduces the siZe of the magnetic excitation head. 
It is also found that a practically, suf?cient diagnostic 
accuracy can be assured by using the RMS voltage or 
voltage amplitude value of the Barkhausen noise as a 
parameter representing the degree of fatigue and degrada 
tion. 
As previous described, micro-cracking by fatigue is said 

to tend to occur from the surface of a member. In particular, 
fatigue degradation are said to tend to occur from a Welding 
portion or a notch Where stress concentrates. In the Welding 
portion, a Welding metal and a base material are different in 
magnetic permeability because their materials are different 
from each other. The How of magnetic excitation ?uxes is 
disturbed near the boundary of these materials, and uniform 
magnetic excitation cannot be performed accordingly. This 
decreases the detection sensitivity of the Barkhausen noise. 
The padding of the Welding metal is present in the Welding 
portion, or a plurality of plates are often Welded at different 
angles. It is considerably difficult to apply the magnetic head 
direct to the Welding portion itself and measure the 
Barkhausen noise. The edge portion of a member may be 
predicted to become a micro-cracking source by fatigue 
because notched corrugations tend to generate on the surface 
of the edge portion. As in the Welding portion, the How of 
magnetic excitation ?uxes is disturbed at the edge portion 
because the base material and air are different in magnetic 
permeability. As a result, the detection sensitivity of the 
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Barkhausen noise is lowered. It is also dif?cult to apply the 
magnetic head direct to the edge portion and measure the 
Barkhausen noise because the magnetic head cannot be 
stably applied to the edge portion. The edge portion indi 
cates the edge portion of the member. 

The present inventors have examined Whether the degree 
of fatigue degradation in the edge or Welding portion can be 
predicted and repair can be performed prior to destruction by 
not directly measuring the Barkhausen noise of the edge or 
Welding portion but measuring the Barkhausen noise of a 
portion near the edge or Welding portion. An increase in 
measurement area increases a probability capable of detect 
ing micro-cracking by fatigue, thereby improving the diag 
nostic accuracy. Since this, hoWever, is time-consuming and 
requires much labor, the measurement area must be mini 
miZed. The present inventors therefore examined a measure 
ment area required for the diagnosis. 

As described above, for example, it is possible to predict 
stress acting on each member constituting one steelWork in 
the design stage. A member requiring the diagnosis can be 
speci?ed in the design stage. The area (surface area) of this 
member and its thickness are de?ned as S0 and t, respec 
tively. In this case, S0 is the area of at least one surface of 
each plate material constituting the member, and t is its 
thickness. Normally, t is several mm to about 200 mm. A 
member identical to the actual member is used to perform a 
fatigue degradation simulation experiment in a laboratory to 
determine Which surface portion on the member to be 
applied With the magnetic head and hoW to measure the 
surface portion. 

The above experiment reveals the folloWing ?ndings. 
That is, assume that the reference position is the edge or 
Welding portion of a member, and a magnetic head consti 
tuted by a magnetic detection head and a magnetic excitation 
head having a Width W is used. In this case, When a region 
having the area S satisfying 0<S/S0§ 10'2 in the region 
falling Within the range of W or more to 200t or less from the 
reference position is measured, the degree of degradation of 
the region and hence the degree of degradation of the entire 
member can be diagnosed Without directly measuring the 
edge or Welding portion Which is dif?cult to measure. 

When a region to be measured is closer by W from the 
edge or Welding portion, the How of magnetic excitation 
?uxes is disturbed because the materials different in mag 
netic permeability are adjacent to each other, as described 
above. This disables uniform magnetic excitation, and 
reduces the detection sensibility of the Barkhausen noise. In 
addition, the manner to set the magnetic head becomes 
dif?cult. When the portion to be measured is separated from 
the edge or Welding portion by 200t, the state of degradation 
of the edge or Welding portion cannot be sensed. Therefore, 
the region to be measured is de?ned to fall Within the range 
of W or more to 200t or less from the reference position. 

The Width W of the magnetic excitation head core is 
normally about several mm to about several cm. This Width 
W is normally designed to be larger than the Width of the 
magnetic detection head. When the portion having the area 
S is thick, measurement can be performed in a region 
extending in the direction of thickness. The minimum value 
of the area S is determined by the measurement area of the 
magnetic detection head constituting the magnetic head and 
generally about several mm2. The diagnostic accuracy can 
not be improved even With the area S satisfying 10_2<S/SO, 
resulting in time-consuming and inef?cient measurement 
With much labor. The area S is therefore de?ned to satisfy 
0<S/S0§ 10_2. To preferentially set ef?ciency, the diagnosis 
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6 
of fatigue degradation can be performed by measuring the 
region of the area S Which satis?es 0<S/SO§10_4 and is 
located Within the range of W or more to 100t or less from 
the reference position. The area S may be the area of a single 
measurement portion or the total area of a plurality of 
measurement portions. In measuring the degree of degrada 
tion of the plurality of portions, the degree of degradation of 
the measurement member is preferably diagnosed using the 
measurement result of a portion in Which fatigue degrada 
tion advances most. 

In diagnosing the degree of fatigue degradation of a 
member of steelWork such as a bridge, a magnetic head can 
be easily applied to it even after construction, so that a 
diagnostic operation can be practiced, as needed. HoWever, 
the members of steelWork in a building or the like cannot be 
easily applied With the magnetic head because most of the 
members are covered With the interior ?nish materials. 
Another feature of the present invention is a member of 
steelWork such as a steel frame or Wall having a fatigue life 
self-diagnostic function, Wherein a magnetic head is inte 
grally ?xed at a predetermined position of the member of 
steelWork. 

That is, a member of steelWork comprises a system in 
Which a magnetic head constituted by a magnetic excitation 
head and a magnetic detection head is disposed to be spaced 
apart above from a target measurement member requiring a 
fatigue damage diagnosis by a liftoff distance of 5 pm to 4 
mm, the target measurement member is AC-magnetiZed 
With the magnetic excitation head, Barkhausen noise is 
detected With the magnetic detection head under a condition 
of 5 pm§d<1 mm Where d is a detection depth of the 
Barkhausen noise, and a degree of fatigue damage of a target 
measurement portion is diagnosed in accordance With one of 
a root-mean-square voltage and voltage amplitude value of 
the Barkhausen noise. 

Letting SO, t, and W be the area of the target measurement 
member requiring the fatigue damage diagnosis, the thick 
ness of the target measurement member, and the Width of the 
magnetic excitation head, respectively, the member of steel 
Work has a function of measuring the Barkhausen noise in 
the region of the area S satisfying 0<S/SO§ 10'2 and located 
Within the range of W or more to 200t or less from a 

reference position of the target measurement member, pro 
vided that the reference position is one of the Welding and 
edge portion of the target measurement member, thereby 
assuring the practical accuracy. The reference position is 
de?ned as the edge or Welding portion of the target mea 
surement member. 

Supply of an excitation current input to the magnetic 
excitation head and detection of a voltage signal induced by 
the magnetic detection head can be easily performed through 
a detachable input/output connector in the form of an outlet 
on a Wall or the like. In addition, a radio unit can be used 
together With the magnetic head to transmit a voltage 
induced by the magnetic detection head in the form of a 
radio Wave, thereby alloWing centraliZed management. That 
is, the diagnosis can be performed continuously or every 
predetermined period. The member of steelWork having the 
life diagnostic function and integrally comprising the mag 
netic head must have a mechanism to ?x the magnetic head, 
by Which at least 70% of the region of the target measure 
ment portion measured for the ?rst time With the magnetic 
head can be measured during the use period. This is because 
the diagnostic accuracy of the target measurement portion is 
degraded When the magnetic head and the target measure 
ment portion are shifted relative to each other during the use 
period and to alloW the magnetic head measuring Within 
smaller area smaller than 70% of the region. 



6,073,493 
7 

The member of steelWork having the life diagnostic 
function can be used as the main-frame member of general 
structural steelWork to obtain its effect. This effect can be 
enhanced When the member of steelWork is applied as a 
vibration-damping member such as a damper designed such 
that the steelWork or steel Wall itself absorbs the vibration 
energy (energy generated by an external force) generated by 
the Wind and earthquake in a larger amount than any other 
member of steelWork. This is because the vibration-damping 
member is designed to be easily plastically deformed When 
an external force acts on it, so that the fatigue degradation 
concentrates on it. In this manner, the member of steelWork 
having the life diagnostic function is applied as a vibration 
damping member or the like to alloW the life diagnosis With 
high accuracy Which cannot be obtained by the conventional 
techniques. 
By using the method of diagnosing the fatigue life and the 

member of steelWork having the life diagnostic function 
according to the present invention, the Wall and covering 
material need not be removed in practicing the fatigue life 
diagnosis for buildings and bridges. The degree of fatigue 
degradation by stress and strain in structural steelWork can 
be easily and accurately diagnosed prior to occurrence of 
cracking even in a location Where an operator cannot access 
due to the structural limitation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective vieW shoWing a struc 
ture of a magnetic head according to the ?rst embodiment of 
the present invention; 

FIG. 2 is a schematic perspective vieW shoWing part of a 
structure (the reference position is an edge portion) to Which 
the present invention is applied; 

FIG. 3 is a schematic perspective vieW shoWing part of a 
structure (the reference position is a Welding portion) to 
Which the present invention is applied; 

FIG. 4 is a schematic perspective vieW shoWing a struc 
ture of a member of steelWork having a life diagnostic 
function according to the second embodiment of the present 
invention; 

FIG. 5 is a schematic perspective vieW shoWing the layout 
of the member of steelWork having the life diagnostic 
function according to the second embodiment of the present 
invention; 

FIG. 6 is a schematic perspective vieW shoWing another 
structure of the member of steelWork having the life diag 
nostic function according to the second embodiment of the 
present invention; 

FIG. 7 is a graph shoWing a change in Barkhausen noise 
as a function of the repetition count in a fatigue test (strain: 

10.05%); 
FIG. 8 is a graph shoWing a change in Barkhausen noise 

as a function of the repetition count in a fatigue test (strain: 
10.5%); and 

FIG. 9 is a vieW shoWing a region detected by a magnetic 
detection coil before and after the fatigue test. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Several preferred embodiments of the present invention 
Will be described beloW With reference to the accompanying 
draWings. 

First Embodiment 

The ?rst embodiment Will noW be described beloW. The 
?rst embodiment exempli?es a method of diagnosing the 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

8 
fatigue life of a member of steelWork serving as a target 
measurement object by using a magnetic head. As shoWn in 
FIG. 1, a magnetic head 1 used in the ?rst embodiment 
comprises a magnetic excitation head 2 and a magnetic 
detection head 3. The magnetic excitation head 2 has a 
U-shaped core 11 made of a soft magnetic material such as 
silicon steel sheet or an amorphous magnetic material and an 
excitation coil 12 obtained by Winding a copper Wire such as 
an enameled Wire on the U-shaped core 11. The magnetic 
detection coil 3 comprises an air-core coil. In the magnetic 
head 1, the magnetic detection head 3 is disposed betWeen 
the end portions of the U-shaped core 11 of the magnetic 
excitation head 2. A liftoff distance D betWeen a loWer end 
face 3a of the magnetic detection head 3 and the surface of 
a target measurement object 4 is set to fall Within the range 
of 5 pm or more to 4 mm or less, and Barkhausen noise is 
measured. 

A Barkhausen noise is practically measured using the 
magnetic head 1 at a detection depth d satisfying the 
condition of 5 pm édél mm. More speci?cally, the exci 
tation frequency is set at a predetermined value so that the 
excitation depth is set to fall Within the range of 5 pm or 
more to 1 mm or less. Alternatively, When an excitation 
region extends to a region deeper than 1 mm, the detection 
depth is set to fall Within the range of 5 pm or more to 1 mm 
or less by setting the detection frequency to a predetermined 
value. In practice, one or both of the above settings can be 
used. 

These techniques are based on the facts that an increase in 
excitation frequency decreases the depth of the excitation 
magnetic ?eld and an increase in detection frequency alloWs 
detection of Barkhausen noise from a portion closer to the 
uppermost surface layer. In structural steelWork, the excita 
tion frequency is set to several HZ to several hundred HZ, 
and the detection frequency is set to several ten HZ to about 
10 MHZ. When the Barkhausen noise is Fourier-transformed 
to obtain a frequency spectrum, the signal intensity gener 
ally decreases With an increase in frequency. To increase the 
S/N ratio, the maximum value of the detection frequency is 
preferably set to about 200 kHZ. 

A region shoWn in FIG. 2 is diagnosed under the above 
conditions. FIG. 2 shoWs part of a member 5 of steelWork 
constituting structural steelWork such as a bridge or build 
ing. When the thickness of the member 5 of steelWork and 
the Width of the magnetic excitation head 2 are represented 
by t and W, respectively, a region 9 of an area S satisfying 
0<S/SO§10_2 and positioned in the range of W or more to 
200t or less from an edge portion 6 serving as the reference 
position is measured. FIG. 3 is a schematic vieW shoWing a 
case using a member 7 of steelWork as a target measurement 
object and a Welding portion 8 as the reference position. 
The edge portion 6 or the Welding portion 8 is selected as 

the reference position. if both portions exist in a member, 
both the portions are selected as the reference positions. If 
measurements are performed at a plurality of regions it 
improves diagnostic accuracy. If one of these portions must 
be selected, selection of the Welding portion as the reference 
position alloWs the improvement of the diagnostic probabil 
ity. If a portion on Which stress or strain concentrates to 
advance fatigue degradation more than the edge portion 6 or 
the Welding portion 8 is already knoWn, this portion is 
selected as the reference position for better diagnostic accu 
racy. 

According to the diagnostic method using the magnetic 
head 1 of the ?rst embodiment, the degree of fatigue 
degradation by stress and strain in structural steelWork can 
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be easily and accurately diagnosed prior to occurrence of 
cracking Without any limitation on diagnostic locations. 

Second Embodiment 

The second embodiment Will be described beloW. The 
second embodiment exempli?es a member of steelWork 
having a magnetic head 1 for diagnosing the fatigue life of 
a target measurement object. The same reference numerals 
as in the ?rst embodiment denote the same members corre 
sponding to the magnetic head 1 and the like described With 
reference to the ?rst embodiment, and a detailed description 
thereof Will be omitted. 
As shoWn in FIG. 4, a member 13 of steelWork having a 

life diagnostic function is a so-called brace-like vibration 
damping member and comprises a plate 21 of very loW-yield 
steel and a magnetic head 1 identical to that of the ?rst 
embodiment and formed on the surface of the plate 21. The 
plate 21 and the magnetic head 1 are embedded in mortar 22 
indicated by a broken line in FIG. 4. The magnetic head 1 
is ?xed to be spaced apart from the surface of the plate 21 
by the above-mentioned liftoff distance D. Wiring 23 con 
nected to the magnetic head 1 are led out from the mortar 22. 

FIG. 5 is a schematic vieW shoWing the layout in Which 
the member 13 of steelWork is mounted on a Wall 14. In this 
case, Wiring 23 is connected to a connector 15 in the form 
of an AC outlet mounted on the Wall 14. A cord 24 of a 
Barkhausen noise analyZing unit 16 having a predetermined 
excitation current supply function and a detected voltage 
signal analyZing function is plugged into the connector 15 to 
alloW supply of the excitation current to the magnetic head 
1 and at the same time detection of Barkhausen noise. 

FIG. 6 shoWs another structure of the member of steel 
Work having the life diagnostic function. A member 17 of 
steelWork is a Wall-like vibration-damping member and 
comprises a plate 25 of very loW-yield steel, a magnetic head 
1 identical to that of the ?rst embodiment and mounted on 
the surface of the plate 25, and a grid-like skeltal member 26 
of steelWork ?xed to the surface of the plate 25. The member 
17 is thus constituted by the plate 25, the magnetic head 1, 
and the skeltal member 26. In this case, the magnetic head 
1 is ?xed to be spaced apart from the surface of the plate 25 
by the above-mentioned liftoff distance D. 
By using the members 13 and 17 of steelWork having the 

life diagnostic function according to the second 
embodiment, the Wall or covering material need not be 
removed even in fatigue life diagnoses of buildings, bridges, 
and the like. In addition, the degree of fatigue degradation by 
stress and strain in structural steelWork can be easily and 
accurately diagnosed prior to occurrence of cracking even in 
a location Where an operator cannot access. 

The present invention Will be described in detail by Way 
of its examples. 

Experimental Example 1 
Changes in Barkhausen noise upon repeatedly loading a 

tensile stress and compression stress axially parallel to test 
pieces (sectional dimensions: 8 mm><8 mm; length: 50 mm) 
of very-loW-yield steel (yield point=about 10 kg/mm2) Were 
examined as a function of stress load repetition count. The 
loaded stresses in equivalent strain values Were 10.05% and 
10.5%. The excitation and detection frequencies as the 
Barkhausen noise detection conditions Were 100 HZ and 10 
kHZ to 100 kHZ, respectively. The liftoff distance betWeen 
the detection head and the target measurement portion 
surface Was about 1 mm. The Barkhausen noise detection 
depth d under these conditions Was about 200 pm. 
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10 
The results of Barkhausen noise ?gured using RMS 

voltages are shoWn in FIG. 7 (strain: 10.05%) and FIG. 8 
(strain: 10.5%). In both the cases in FIGS. 7 and 8, the RMS 
voltages abruptly decrease before cracking occurs, and then 
abruptly increase. By detecting the abrupt changes in these 
RMS voltages, fatigue lives prior to occurrence of cracking 
can be accurately diagnosed. 

Voltage amplitudes change in the similar manners as in 
FIGS. 7 and 8 in the results of detection of Barkhausen noise 
voltage amplitude values as a function of the stress load 
repetition count. It appeared that the fatigue lives can be 
diagnosed prior to occurrence of cracking by detecting these 
changes. 

Experimental Example 2 
A shear strain of 11% Was longitudinally loaded on test 

members (thickness of member: 5 mm, length: 3,000 mm, 
Width: 2,500 mm) of rolled steel sheet SM400 for Welding 
structure shoWn in FIG. 2 by using a large test machine to 
examine on the basis of the load repetition count and the 
changes in Barkhausen noise Whether the fatigue life could 
be diagnosed. As shoWn in FIGS. 7 and 8, When an abrupt 
change in Barkhausen noise can be sensed prior to occur 
rence of cracking, the determination is made as “diagnos 
able”; otherWise,“undiagnoZable”. 

In this experiment, the detection depth of the Barkhausen 
noise Was variously changed to check. A magnetic head 1 
having the magnetic excitation head Width of 10 mm and the 
magnetic detection head measurement area of 20 mm2 Was 
used. The liftoff distance D of the magnetic head 1 Was 0.6 
mm. The excitation frequency Was changed Within the range 
of 2 HZ to 100 HZ and the detection frequency Was changed 
Within the range of 10 HZ to 20 MHZ to change the detection 
depth d of the Barkhausen noise. Permeation depth of the 
excitation magnetic ?eld from the surface and reacheability 
distance of the noise source When the Barkhausen noise 
source Was located inside in the direction of depth, Were 
evaluated using Skin Depth=(p/J'cfu)1/2 (Where f: frequency, 
p: magnetic permeability, p: resistivity). That is, the detec 
tion depth d of the Barkhausen noise Was evaluated using 
this Skin Depth. Each experiment Was conducted 10 times 
under the same condition, and each sample piece Was 
evaluated by a count by Which occurrence of cracking could 
be predicted. The relationship betWeen the detection depth d 
and the diagnostic accuracy is shoWn in Table 1. 

TABLE 1 

Detection Depth (mm) Diagnostic Probability (%) 

0.003(3/1m) 60 
0.006 80 
0.02 80 
0.04 90 
0.08 90 
0.1 90 
0.3 100 
0.5 100 
0.7 90 
1.0 80 
1.2 70 
1.5 70 
2.0 70 

As can be apparent from Table 1, the fatigue life can be 
diagnosed With a high accuracy of 80% or more at the 
detection depth d of 5 pm or more to 1 mm or less. In 
addition, When the detection depth d is set to fall Within the 
range of 40 pm or more to 0.7 mm or less, the fatigue life 
can be diagnosed With a higher accuracy of 90% or more. 
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Experimental Example 3 

An arbitrary position Was selected in a member of struc 
tural steelWork shown in FIG. 2, a liftoff distance D of a 
magnetic head 1 Was changed at each position, and the 

12 
times on each condition, and the evaluation Was made on the 
basis of a count Which could predict occurrence of cracking. 
The results are summariZed in Tables 3 and 4. 

. . . 5 TABLE 3 
Barkhausen noise was measured 10 times at each liftoff 
distance D. The magnetic head 1 Was identical to that in Distance of Measurement Diagnostic 
Experimental Example 2. The excitation and detection fre- POYEiQH from Reference Probability 
quencies Were set to 100 HZ and 10 kHZ to 100 kHZ, Posmon ((70) 
respectively. The detection depth d of the Barkhausen noise 10 05W 60 
Was about 200 pm. The maximum, minimum, and average W(= 10 mm) 90 
values of the RMS voltages of Barkhausen noise measured 28E 138 
10 times are shown in Table 2. got 100 

100t 100 

TABLE 2 14m 80 
15 180t 80 

RMS Voltage (mV) 200t 8O 
240t 70 

Maximum 
Liftoff value — 

Distance Maximum Minimum Average Minimum 
(mm) Value Value Value value 20 TABLE 4 

O 44-3 41-6 43 2-7 S/So Diagnostic Probability (%) 
0.003 42.7 39.9 42 2.8 
0.007 42.6 41.3 42 1.3 10*6 80 
0.08 38.7 37.5 38 1.2 10*5 80 
0.8 33.3 32.5 33 0.8 25 10*4 90 
1.0 31.4 30.7 31 0.7 10*3 100 
2.0 25.3 24.7 25 0.6 10*2 100 
3.0 22.5 21.8 22 0.7 10*1 100 
3.5 20.3 19.5 20 0.8 3 X 10*1 100 
4.5 18.4 17.7 18 (de- 0.7 

crease In 5/N) In Table 3, the detection sensitivity of Barkhausen noise 
5-0 17-3 16-5 17 (de' 0'8 at a portion closer than W Was reduced, and the Way of 

crease . . . 

in S/N) bringing the magnetic head 1 to the target measurement 

Judging from the above results, When the liftoff distance 
D is smaller than 5 pm (0.005 mm), the magnetic head 1 
applied to the target measurement surface becomes unstable 
due to the corrugations of the target measurement surface, 
and the difference betWeen the maximum and minimum 
values becomes large. When a diagnosis is performed by one 
measurement result, the diagnostic accuracy is reduced. 
When the liftoff distance D exceeds 4 mm, the RMS voltage 
loWers to decrease the S/N ratio, thereby degrading the 
diagnostic accuracy. Therefore, the diagnostic accuracy is 
improved When the liftoff distance D is set to 5 pm or more 
to 4 mm or less. 

Experimental Example 4 

Using a member identical to that of Experimental 
Example 2, a test for loading a repeated strain Was 
conducted, and it Was determined on the basis of the load 
repetition count and the changes in Barkhausen noise 
Whether the fatigue life Was diagnosed. A method of deter 
mining Whether a diagnosis can be performed is identical to 
that of Experimental Example 2. In this experiment, exami 
nations Were made When the position of a measurement 
portion and its measurement area Were variously changed 
using the edge portion as the reference position. The exci 
tation and detection frequencies Were the same as those of 
Experimental Example 3. The liftoff distance D Was set to 
0.6 mm. The Width W of the magnetic excitation head Was 
10 mm , and the area Which could be measured each time 
When the magnetic head 1 applied to the target measurement 
object Was 20 mm2. A total area S0 of the member used this 
time Was 15x106 mm2 (the area on one surface of one steel 
sheet Was 7.5><106 mm2). This experiment Was performed 10 

35 

40 

45 

50 

55 

60 

65 

surface varied to degrade diagnostic accuracy. At a portion 
separated from the 200t position, the in?uence from the 
reference position Was reduced to degrade the diagnostic 
accuracy. When the diagnostic portion Was set at a position 
of 200t or less from the reference position, the degree of 
fatigue and degradation can be diagnosed With a probability 
of 80% or more. In addition, When the diagnostic portion is 
set at a position of W or more to 100t or less from the 

reference position, the degree of fatigue and degradation can 
be diagnosed With a probability of 90% or more. 
As can be apparent from Table 4, the diagnosis can be 

performed With an accuracy of 80% or more in the entire 
S/SO range. Even if the ratio 5/50 is set higher than 10_2, a 
further improvement in accuracy cannot be made, and only 
the Working ef?ciency is decreased. When the measurement 
area S is set to satisfy 0<S/SO§10_2 to assure a practical 
measurement ef?ciency and alloW the fatigue degradation 
diagnosis With a high probability of 80% or more. In 
particular, the diagnosis can be performed With a probability 
of almost 90% or more for 10_4§S/SO10_2. To preferentially 
improve ef?ciency, the condition is set to 0§S/SO§10_4 
Which alloWs the fatigue degradation diagnosis With a prob 
ability of 80 to 90%. 

Judging from the above results, the Barkhausen noise in 
the region of the area S satisfying 0§S/SO§100_2 and 
located Within the range of W or more to 200t or less is 
measured using the edge portion of the target measurement 
member as the reference position, thereby diagnosing the 
fatigue life of structural steelWork. 
A similar experiment Was conducted using a Welding 

portion as the reference position in a member of steelWork 
having the Welding portion, and the results similar to Tables 
3 and 4 are obtained. It Was thus found that the fatigue life 
of the structural steelWork could be diagnosed by measuring 
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the Barkhausen noise in the region of the area S satisfying 
0éS/Soé 10-2 and located Within the range of W or more to 
200t or less. 

Experimental Example 5 
A fatigue simulation experiment assuming the earthquake 

vibrations Was conducted for steelWork using a member 13 
of steelWork having a life diagnostic function in Which a 
magnetic head 1 Was ?xed to a plate 21 of a brace type 
shoWn in FIG. 4 until visual cracking occurred. At this time, 
the ?xing method of the magnetic head 1 Was variously 
changed to evaluate the diagnostic accuracy. SteelWork Was 
made of very-loW-yield steel as in Experimental Example 1, 
Which had a length of 2,000 mm, a Width of 200 mm, and 
a thickness of 15 mm. The ?xing method of the magnetic 
head 1 Was changed to shift the magnetic head 1 during the 
test. The magnetic head 1 Was disposed near the center of the 
plate 21 at the 3t position from the edge portion before the 
test. The liftoff distance D Was 0.6 mm. As shoWn in FIG. 
9, When the area of regions 31 and 32 (the region 31 is 
position before the test, and the region 32 is a a region at the 
position after the test) measured by a magnetic detection 
head 3 is de?ned A, and the area of an overlapping region 
33 before and after the shift is de?ned as B. In this case, the 
shift amount of the magnetic head 1 is de?ned as (B/A)><100 
(%). measurement area of the magnetic detection head 3 is 
20 mm2. As shoWn in FIG. 7 or 8, the evaluation of the 
diagnostic accuracy is performed by determining Whether an 
abrupt change in Barkhausen nose can be detected prior to 
occurrence of cracking. If possible, determination is made as 
“diagnoZable”; otherWise, “undiagnoZable”. The abrupt 
change in the current experiment Was a decrease in RMS 
voltage of the Barkhausen noise by 3% or more prior to 
occurrence of cracking. 

The experiment results are shoWn in Table 5. 

TABLE 5 

Rate of Decrease 
in RMS Voltage 

(B/A) x 100% (%) Determination 

100 6.2 diagnozable 
92 5.8 diagnozable 
83 4.1 diagnozable 
72 3.5 diagnozable 
58 2.3 undiagnozable 
42 increase by 4% undiagnozable 

(B/A)><100 (%) as the shift amount of the magnetic head 
1 is a parameter representing hoW many percentage of the 
region of the portion measured ?rst is measured during the 
use period. When the percentage is 70% or more, an abrupt 
decrease in RMS voltage is 3% or more so that the diagnosis 
becomes possible. If the percentage is 42%, the RMS 
voltage is increased. This is, hoWever, because the RMS 
voltage at a neWly measured portion is high due to the shift 
of the magnetic detection head. In this case, a continuous 
curve shoWn in FIG. 7 or 8 cannot be plotted, and the fatigue 
life cannot be diagnosed. 

Judging from the above description, if the shift of the 
measurement area from the ?rst ?xed position falls Within 
the range of at most 30%, i.e., if at least 70% of the region 
of the target measurement portion measured ?rst is possible 
even upon occurrence of the shift in measurement area, a 
sufficient diagnostic accuracy can be obtained. 
What is claimed is: 
1. A member of steelWork having a life diagnostic 

function, comprising a system Wherein 
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14 
a magnetic head constituted by a magnetic excitation head 

and a magnetic detection head is spaced apart above 
from a target measurement member requiring a fatigue 
damage diagnosis by a predetermined liftoff distance, 

the magnetic head has a function of AC-magnetiZing a 
target measurement portion of the target measurement 
member With the magnetic excitation head and mea 
suring Barkhausen noise With the magnetic detection 
head, and 

a degree of fatigue damage is diagnosed in accordance 
With one of a root-mean-square voltage and voltage 
amplitude value of the Barkhausen noise. 

2. A member according to claim 1, Wherein the target 
measurement member is a vibration-damping member hav 
ing an external energy absorbing function by plastic defor 
mation. 

3. A member according to claim 1, Wherein the member 
of steelWork has a mechanism capable of measuring, during 
a use period, at least 70% of the region of the target 
measurement portion Which is measured ?rst With the mag 
netic head. 

4. A member according to claim 1, Wherein the predeter 
mined liftoff distance falls Within a range of not less than 5 
pm to not more than 4 mm, and 

the Barkhausen noise is measured under a condition of 5 
pmédél mm Where d is the detection depth of the 
Barkhausen noise in AC-magnetiZing the target mea 
surement portion With the magnetic head. 

5. A member according to claim 1, Wherein letting SO, t, 
and W be the area of the target measurement member 
requiring the fatigue damage diagnosis, the thickness of the 
target measurement member, and the Width of the magnetic 
excitation head, respectively, the member of steelWork has a 
function of measuring the Barkhausen noise in a region of an 
area S satisfying 0<S/SO i 10'2 and located Within a range of 
not less than W to not more than 200t from a reference 

position of the target measurement member, provided that 
the reference position is one of a Welding and edge portion 
of the target measurement member. 

6. A member according to claim 5, Wherein the target 
measurement member is a vibration-damping member hav 
ing an external energy absorbing function by plastic defor 
mation. 

7. Amember according to claim 6, Wherein the vibration 
damping member is in the form of a Wall. 

8. Amember according to claim 6, Wherein the vibration 
damping member is in the form of a brace. 

9. A member according to claim 7, Wherein the member 
of steelWork has a mechanism capable of measuring, during 
a use period, at least 70% of the region of the target 
measurement portion Which is measured ?rst With the mag 
netic head. 

10. A member according to claim 8, Wherein the member 
of steelWork has a mechanism capable of measuring, during 
a use period, at least 70% of the region of the target 
measurement portion Which is measured ?rst With the mag 
netic head. 

11. A member according to claim 4, Wherein letting SO, t, 
and W be the area of the target measurement member 
requiring the fatigue damage diagnosis, the thickness of the 
target measurement member, and the Width of the magnetic 
excitation head, respectively, the member of steelWork has a 
function of measuring the Barkhausen noise in a region of an 
area S satisfying 0<S/SO i 10-2 and located Within a range of 
not less than W to not more than 200t from a reference 

position of the target measurement member, provided that 
the reference position is one of a Welding and edge portion 
of the target measurement member. 
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12. A member according to claim 11, wherein the target 
measurement member is a vibration-damping member hav 
ing an external energy absorbing function by plastic defor 
mation. 

13. A member according to claim 2, Wherein 
vibration-damping member is in the form of a Wall. 

14. A member according to claim 2, Wherein 
vibration-damping member is in the form of a brace. 

15. A member according to claim 12, Wherein 
vibration-damping member is in the form of a Wall. 

16. A member according to claim 12, Wherein 
vibration-damping member is in the form of a brace. 

17. Amember according to claim 13, Wherein the member 
of steelWork has a mechanism capable of measuring, during 

the 

the 

the 

the 
10 

16 
18. Amember according to claim 14, Wherein the member 

of steelWork has a mechanism capable of measuring, during 
a use period, at least 70% of the region of the target 
measurement portion Which is measured ?rst With the mag 
netic head. 

19. Amember according to claim 15, Wherein the member 
of steelWork has a mechanism capable of measuring, during 
a use period, at least 70% of the region of the target 
measurement portion Which is measured ?rst With the mag 
netic head. 

20. Amember according to claim 16, Wherein the member 
of steelWork has a mechanism capable of measuring, during 
a use period, at least 70% of the region of the target 
measurement portion Which is measured ?rst With the mag 

a use period, at least 70% of the region of the target 15 netic head. 
measurement portion Which is measured ?rst With the mag 
netic head. 


